We developed a method for systematically comparing gene expression patterns across organisms using genome-wide comparative analysis of DNA microarray experiments. We identified analogous gene expression programs comprising shared patterns of regulation across orthologous genes. Biological features of these patterns could be identified as highly conserved subpatterns that correspond to Gene Ontology categories. Here, we demonstrate these methods by analyzing a specific biological process, aging, and show that similar analysis can be applied to a range of biological processes. We found that two highly diverged animals, the nematode Caenorhabditis elegans and the fruit fly Drosophila melanogaster, implement a shared adult-onset expression program of genes involved in mitochondrial metabolism, DNA repair, catabolism, peptidolysis and cellular transport. Most of these changes were implemented early in adulthood. Using this approach to search databases of gene expression data, we found conserved transcriptional signatures in larval development, embryogenesis, gametogenesis and mRNA degradation.
correlation of 0.155 ± 0.012 (P < 10 -35 ). These results indicate that most aging-related changes are species-specific, but the conserved component of these expression profiles could include several hundred C. elegans-D. melanogaster ortholog pairs. This result is highly statistically significant; it is not observed in one million randomized pairings of the expression results (Fig. 2a) . Nonparametric tests confirmed the statistical significance of the shared regulation (Spearman rank correlation = 0.156, P < 10 -12 ; Kendall's Tau = 0.106, P < 10 -12 ).
We observed similarly correlated regulation during aging in microarray data sets from different tissues, laboratories and experimental platforms. We used Affymetrix microarrays to compare gene expression in heads of young and adult male flies and observed a similar correlation with aging C. elegans (0.148, P < 10 -11 ). These results suggest that the conserved regulation is present in D. melanogaster somatic tissue. A published profile of adult aging in C. elegans using Affymetrix microarrays 9 also showed highly significant correlations with profiles of aging from D. melanogaster heads (R = 0.180, P < 10 -6 ) and profiles of aging in whole female fruit flies (R = 0.150, P < 10 -6 ). Highly significant correlations in the change of transcript abundance with age were observed within two separate subsets of the C. elegans-D. melanogaster ortholog pairs: those ortholog pairs that have orthologs in the yeast S. cerevisiae, and those otholog pairs that have no homology to any yeast gene (Fig. 2a) .
Biological features of conserved regulation
The statistical and explanatory power of gene expression analysis is greatly increased by grouping related genes into functional categories. The Gene Ontology annotation system 10 defines hundreds of groups of ortholog pairs with common molecular function, cellular localization or biological role. We searched the data sets for highly conserved subpatterns that corresponded to Gene Ontology categories by identifying those categories that contribute significantly to the observed correlation.
Fourteen Gene Ontology categories showed highly conserved patterns of regulation in aging D. melanogaster heads and aging C. elegans ( Fig. 2b and Supplementary Fig. 1 online) , at a strict significance cutoff at which less than one false positive category would be expected by chance. No categories showed significant negative correlation. Similar comparisons using other published aging data sets 8, 9 and other time points yielded a broadly overlapping set of Gene Ontology categories ( Supplementary Fig. 2 online) , confirming the robustness of the result.
Aging in both D. melanogaster heads and C. elegans repressed genes in Gene Ontology categories for mitochondrial membrane and mitochondrial inner membrane (Fig. 2b) , including many components of the mitochondrial respiratory chain, the ATP synthase complex and the citric acid cycle. Earlier studies identified individual oxidative metabolism genes that are repressed by aging in worms, flies or mammals 8, 11, 12 ; our results suggest that these individual results are manifestations of a broad, conserved pattern that includes most oxidative metabolism genes. C. elegans and D. melanogaster also showed conserved patterns of regulation of genes encoding peptidases, and proteins for catabolism and DNA repair (Fig. 2b) .
An unexpected shared feature of aging in C. elegans and D. melanogaster was the repression of orthologous genes involved in diverse ATP-using molecular transport functions, including primary active transporters, ion transporters and ABC transporters (Fig. 2b) . . . . The correlation of the paired log-transformed relative change measurements was used to assess the similarity of the gene expression patterns in the two organisms. Hypothetical data was used here to illustrate the fact that even if most ortholog pairs (gray circles) lack any conserved regulation and contribute no correlation, a set of ortholog pairs (black circles) with partially conserved regulation can create a significant global correlation. For the data shown, in which conserved regulation contributes to expression of 25% of the ortholog pairs, the global Pearson correlation r = 0.15.
Aging seems to involve a decreased transcriptional commitment to active intracellular and intercellular movement of ions, nutrients and transmitters. Most transcriptional changes were specific to worms or to flies. For example, in these experiments and other work 13 , aging in C. elegans repressed genes encoding collagens and induced genes encoding histones, transposases and DNA and RNA helicases; these changes did not characterize D. melanogaster aging. Aging in D. melanogaster induced genes encoding cytochrome p450s, glycosylases and peptidoglycan receptors, but aging in C. elegans did not alter the expression of the orthologous genes.
Timing of conserved regulation
Two specific molecular features of aging, the repression of oxidative metabolism genes 12, 14 and the correlation between transcriptional profiles of aging and stress 14 , are widely assumed to represent responses to oxidative damage with advancing age. By profiling gene expression at time intervals throughout adulthood in C. elegans and D. melanogaster, we assessed how conserved gene expression programs were implemented over time. Both the conserved global pattern of change in gene expression (Fig. 3a,b) and the conserved repression of oxidative metabolism genes ( Fig. 3c) were abruptly implemented early in adulthood. We profiled the transcriptional responses of worms and flies to heat and oxidative stress and found that stress responses were significantly correlated with early-adulthood transcriptional programs in both organisms (Fig. 3d) . These results suggest that changes in gene expression with adult age are not solely implemented in response to cumulative damage. Instead, the timing of these conserved features of aging suggests developmentally timed transcriptional regulation in young adults.
Searching databases of genomic expression patterns
To increase the power and generality of comparative analysis, we developed methods for searching databases of gene expression profiles from different organisms, much as BLAST allows researchers to find related gene and protein sequences in different species. We assembled, from our own experiments and 300 published C. elegans experiments 9, 15 , a database of C. elegans expression profiles addressing larval development, sex differences, aging, environmental stress responses, neuronal signaling, organogenesis, dauer formation and developmental defects (Supplementary Table 4 online). We then queried this database with the D. melanogaster aging data, by ranking the C. elegans expression profiles in this database according to their similarity to profiles of D. melanogaster aging.
Notably, the C. elegans profiles most similar to search profiles of D. melanogaster aging were profiles of C. elegans aging ( Table 1) . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * DNA repair protein (GO:0003685, P < 10 -3 ) * * * * * * * * * * * * * * * * * * * * * * * * * *
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Catabolism (GO:0009056,P < 10 -3 ) * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 2x -0.10 -0.05 0.00 0.05 0.10 0.15
Orthologous genes paired (r = 0.148, n = 2,040, P < 10 -11 )
Orthologous genes paired (genes unique to metazoans) (r = 0.154, n = 895, P < 10 -5 )
Orthologous genes paired (genes shared with yeast) (r = 0.132, n = 955, P < 10 -4 ) 0.20 This cross-species similarity persisted across data sets from different C. elegans laboratories, D. melanogaster laboratories, specific experimental designs and microarray platforms ( Tables 1 and 2 ). The next closest C. elegans matches to the D. melanogaster aging profiles were profiles of heat-stress responses. Aging and heat stress are related in C. elegans: many long-lived mutants are thermotolerant, and mild heat stress increases longevity 16, 17 . The strongest negative correlation with expression profiles of D. melanogaster aging came from profiles of daf-2(e1368) mutants 18 . The gene daf-2 encodes an insulin/IGF-1 receptor homolog; daf-2 mutants age more slowly and live twice as long as wild-type worms 19, 20 . D. melanogaster gene expression profiles thus seem to identify both analogous and related gene expression experiments in C. elegans.
To extend database searching to other biological questions, we searched the database of C. elegans gene expression profiles using published profiles of D. melanogaster larval development 21 . Among all C. elegans expression profiles, the closest matches to profiles of D. melanogaster larval development were profiles of C. elegans larval development 22 (Table 2) . We observed shared patterns of regulation across Gene Ontology categories for protein processing, protein transport, secretion and macromolecule catabolism ( Supplementary Fig. 3 online) . We used published profiles of embryonic development in D. melanogaster 21 to search the C. elegans gene expression experiments. The best matches were comparisons of gene expression in C. elegans embryos with expression in larvae 9, 22 and comparisons of embryonic expression in different mutants 23 (Table 2) . Shared patterns of change included Gene Ontology categories for cell cycle, DNA metabolism, cytoskeleton, microtubule-based processes and proteolysis ( Supplementary Fig. 4 online) .
To assess whether database searching could make connections among more diverged organisms, we searched the C. elegans database with expression profiles of sporulation in the yeast S. cerevisiae 24 . The strongest matches to profiles of yeast sporulation came from profiles of germline formation in C. elegans 25 ( Table 2 ). The database match seemed to recognize conserved transcriptional programs associated with meiosis; important matching Gene Ontology categories between yeast sporulation and nematode germline development included nucleoplasm, chromosome condensation and DNA strand elongation ( Supplementary Fig. 5 online) .
The Stanford Microarray Database 15 contains 647 publicly available S. cerevisiae experiments and 2,247 H. sapiens experiments. We generated a table of ortholog pairs in yeast and humans to allow searches between these databases (Supplementary Tables 5 and 6 online). Human mRNA degradation has been profiled in T-cells by blocking transcription with actinomycin D and then using microarrays to measure transcript abundance 26 . The strongest matches to this array experiment among all yeast experiments were profiles comparing rpb1, the RNA polymerase II mutant, with wild-type yeast 27 ( Table 2) . As both experiments represent a transcriptional block, the similarity of these profiles suggests that mRNA stability is conserved for orthologous genes in yeast and humans. Gene Ontology categories for kinases and transcription factors were among the most rapidly degraded mRNAs in both humans and yeast, and transcripts encoding ribosomal and core metabolic proteins were extremely stable in both organisms. Searching the human database with the yeast rpb1 profiles yielded experiments that may correspond to transcriptional blockade: profiles of host responses to diverse pathogenic infections [28] [29] [30] [31] and profiles from whole blood, which is dominated by mRNAs from erythrocytes, which lack nuclei and therefore do not carry out transcription 32 .
DISCUSSION
We developed a method of identifying analogies among biological processes in diverse organisms by comparative analysis of gene expression patterns. These methods are freely available from our website.
We used this approach to identify a shared pattern of adult-onset gene regulation that is implemented by two highly diverged animals, C. elegans and D. melanogaster. An unexpected feature of this conserved program was the repression of genes encoding orthologous transporter-ATPases, which offers a candidate mechanistic connection between two known features of aging: reduction in ATP synthesis and decline in the physiological activity of neurons, muscle and excretory processes. An expected feature of this conserved program was the repression of genes with roles in mitochondrial oxidative respiration. Unexpectedly, however, we found that worms and flies both repressed these genes early in adulthood, before the onset of functional decline, and more abruptly than a damage-response model would predict. In C. elegans, mitochondrial respiration before early adulthood limits subsequent adult lifespan but later mitochondrial respiration does not (Fig. 4) 33 . At about the same time that this transition takes place, the insulin pathway begins to regulate lifespan 34 . Mammals also begin to lose oxidative capacity early in adulthood 35 , and certain longevitylimiting effects of the insulin pathway on fat accumulation begin early in adulthood 36 . Our results show that the transformation of these relationships early in adulthood is accompanied by a conserved transcriptional program. An exciting direction in aging research will be to identify the signals that induce conserved physiological change early in adulthood.
Although these results suggest the potential of systematic comparative analysis in functional genomics, we expect that future work will improve our methods. For example, the development of methods to systematically assign genes to 'regulons' 37,38 may make possible regulon-based measures of correlation that could be more sensitive and specific in their identification of analogous biological programs. The integrative use of expression data from different species is an emerging area of research [39] [40] [41] [42] [43] , and elements of these different approaches might be combined to develop additional tools. Our computational approach is also readily generalized to data on protein expression and modification 44 .
Comparative functional genomics could be a powerful way to distinguish the essential from the species-specific features of biological processes, such as disease, stress and development. Aided by growing repositories for expression data 45, 46 and conventions for reporting genomic experiments 47 , measures of correlation in searchable databases could identify new analogies among disease states, mutant strains and drug responses in diverse organisms.
METHODS

Phylogenetic analysis.
We obtained sequence data from Gadfly Release 2 of the Berkeley Drosophila Genome Project and Wormpep version 51 from the Sanger Centre. We merged these protein sets and subjected them to all-againstall BLASTP analysis using the BLOSUM62 substitution matrix, DUSTSEQ complexity filtering and a probability cutoff of 10 -10 . We used the BLAST results to group C. elegans and D. melanogaster genes into clusters by means of an agglomerative clustering algorithm described elsewhere 48 . Agglomerative clustering yielded 5,042 clusters of 2-161 genes each.
We carried out multiple sequence alignment for each of the 5,042 clusters using CLUSTALW with default parameters. We used the sequence alignment for each cluster to generate a phylodendrogram by the neighbor-joining method, also using CLUSTALW. Points at which the resulting phylodendrograms branched into species-specific clades defined orthologous groups. For C. elegans and D. melanogaster, 3,851 groups were thus defined. If an orthologous group contained more than one gene for either species (1,290 cases, the result of additional branching after species divergence), we identified the mostconserved orthologous gene pair by comparing pairwise Smith-Waterman alignment scores. In the resulting ortholog table, each orthologous group was thus represented by a single pair of genes. An alternative method of identifying ortholog pairs, by identifying all mutual best hits directly from the BLAST results, yielded an ortholog table 90% identical to that yielded above, without significantly changing any of the subsequent statistical results. We used this approach to build ortholog tables for each pairing of C. elegans, D. melanogaster, H. sapiens and S. cerevisiae.
Strains, lifespans and culture conditions. For all C. elegans experiments, we used a CF512 fer-15(b26) II; fem-1(hc17) IV mutant strain, whose spermatids do not activate into spermatozoa at 25 °C. Culturing this strain at 25 °C prevented self-fertilization and therefore eliminated contributions from embryonic transcripts. Several C. elegans mutants do not develop a germ line, but given the important role of the germ line in regulating aging and life span 49 , such strains do not offer a way to profile normal adult aging. The CF512 strain has normal germline stem cells and oocytes, ages at the wild-type rate and has the same lifespan as wild-type N2 worms. Adult age in C. elegans is measured from the first day of adulthood, after adult anatomy, adult behaviors and reproductive maturity are established. C. elegans has a median adult life span of about 10 d at 25 °C, with fecundity that peaks at 2 d of adulthood and is largely exhausted by 4 d. To yield synchronized C. elegans populations for analysis, we axenized eggs and then synchronized worms by L1 arrest, as described elsewhere 50 . For the aging experiments, we collected samples at 0, 8, 16, 28, 40, 52, 70, 96 and 144 h (6 d) after worms reached adulthood.
Experiments with tissue from whole fruit flies have been described elsewhere 8 . These experiments used the Dahomey strain, an outbred stock whose lifespan is similar to that of newly caught, wild populations. In D. melanogaster, adult age is measured from eclosion, when fully formed adults emerge from the pupal case. The median Dahomey female adult life span at 25 °C is 28 d; fecundity peaks at 10 d and is nearly exhausted by 21 d.
For experiments with tissue from D. melanogaster heads, we cultured the w1118 strain in standard cornmeal agar medium. The w1118 strain is an inbred lab stock widely used in genetic and transgenic studies. w1118 males have a median lifespan of 35 d. We collected adult males within 24 h after eclosion. We maintained ∼200 flies in constant darkness in each food bottle at 25 °C and 70% humidity and transferred them to fresh bottles every 3-4 d. We collected transcripts at 3 d and 47 d.
C. elegans expression profiling. For C. elegans, we amplified 18,455 predicted C. elegans by PCR using oligos obtained from Research Genetics. The sequences of these oligos have been deposited in Wormbase. We printed the PCR products on glass slides using techniques described elsewhere 18 . We used the microarrays to survey gene expression by comparing mRNAs extracted from a sample at each time point to a common mixed reference mRNA pool by competitive hybridization. We extracted RNA with Trizol (GIBCO/BRL) and labeled it according to standard techniques. Figure 4 Aging, lifespan and conserved early-adult physiological change in metazoa. The insulin pathway begins to regulate lifespan on the first day of adulthood in C. elegans 34 . In mice, insulin signaling in adipose tissue starts to cause weight gain early in adulthood 36 . In C. elegans, oxidative respiration seems to limit lifespan until early adulthood, but not afterwards 33 . Mammals begin to lose capacity for oxidative energy generation early in adulthood 35 . C. elegans and D. melanogaster implement a conserved transcriptional program early in adulthood, one feature of which is the repression of oxidative metabolism genes.
D. melanogaster expression profiling.
The experiments with tissue from whole D. melanogaster have been described elsewhere 8 . We hybridized at least four replicate Affymetrix roDROMEGa GeneChips for each sample point; the replicates were derived from independent RNA extractions of separate biological samples. The results for replicate GeneChips were consistent, with correlations (of log-transformed relative expression measurements) all exceeding 0.90. We processed and analyzed samples from D. melanogaster heads in a different laboratory from that used for the whole-D. melanogaster experiments. To separate the head from the rest of the body, we froze flies and briefly vortexed them in liquid nitrogen. We collected fly heads using a sieve that retained fly bodies. We extracted total RNA using Trizol (GIBCO/BRL). We isolated poly(A) + RNA using Oligotex resin (Qiagen). We profiled samples with Affymetrix DrosGenome1 GeneChips using standard Affymetrix protocol.
Expression profiles of heat and oxidative stress. To profile the effect of heat stress on gene expression in C. elegans, we cultured and synchronized CF512 worms as described above. We then exposed CF512 adults to 30 °C (experimental condition) or maintained them at 25 °C (control condition) for 2, 4, 6, 8, 10 and 12 h. We compared corresponding experimental and control samples by competitive hybridization to DNA microarrays as described above.
To profile the effect of oxidative stress on gene expression in D. melanogaster, we cultured w118 male adult flies as described above. At 2 d, we fed the flies sucrose with 15 mM paraquat (experimental condition) or regular sucrose (control condition) for 30 h. We collected heads and extracted transcripts as described above and then profiled them using Affymetrix GeneChips.
Microarray data processing. Except where individual experimental replicates are discussed in the text, we generally used a composite gene expression profile that represented the average of experimental replicates. To construct such composite profiles, we averaged the log-transformed relative change measurements across replicates for each probe. We obtained profiles of differential gene expression (comparing two different samples or conditions from the same organism) in the following ways. In experiments using two-channel microarrays to compare two experimental samples directly, we used those measurements of log-transformed relative change directly. In experiments using multiple two-channel microarrays to compare multiple experimental samples to a common reference sample, we compared the experimental samples by calculating the difference between the log-transformed relative change measurements from different hybridizations, removing the effect of the reference sample. In experiments using multiple single-channel Affymetrix microarrays to profile multiple experimental samples, we compared the experimental samples by calculating the difference between normalized log-transformed relative change measurements from different hybridizations.
Calculation of interspecies correlations. We used the Pearson correlation (r) of the log-transformed relative change measurements for orthologous genes to measure global correlation between heterologous expression profiles (r = Σ i = 1..n (x i -µ x )(y i -µ y )/nσ x σ y , where X = (x 1 ,x 2 ,...x n ) and Y = (y 1 ,y 2 ,...y n ) are vectors of log-transformed relative change measurements for orthologous genes in C. elegans and D. melanogaster, respectively, and µ and σ are the mean and standard deviation of these measurements, respectively). We assessed the statistical significance of Pearson correlations using Student's t-test (t = r ((n -2)/(1 -r 2 )) 1/2 ) with (n -2) degrees of freedom, where n is the number of ortholog pairs yielding gene induction measurements in both organisms.
Monte Carlo simulations. We found that 2,040 ortholog pairs yielded expression measurements in both organisms at both the old and young time points, allowing measurements of log-transformed relative induction with age. In each simulation, we randomly paired these 2,040 C. elegans and 2,040 D. melanogaster genes and then calculated the Pearson correlation of their respective experimental log-transformed relative change measurements. Across one million such simulations, the Pearson correlation was distributed in accordance with Student's t-test distribution. The distribution of simulated correlations had a mean of zero, a standard deviation of 0.022 and the following percentiles: 95th, 0.037; 99th, 0.053. The largest observation was 0.094.
Assessment of potential artifacts. Artifacts in the profiling process can introduce subtle trends which, if common to both profiles, could cause artifactual measured correlations. Although the cross-platform nature of interspecies comparisons makes such shared trends much less probable, an artifact of potential concern involves a potential relationship between measurements of differential hybridization and a gene's overall hybridization strength (a function of transcript abundance and GC content, both of which are correlated for orthologous genes). To assess the potential contribution of such effects, we repeated the Monte Carlo simulation, but rather than pairing genes randomly, we paired genes which were in the same quantile for overall hybridization intensity. The resulting distribution of correlations did not show a positive bias or a significantly greater variance.
Nonparametric statistical tests.
For each Pearson correlation presented in this paper, we also calculated the Spearman rank correlation and Kendall's Tau. These three assessments of significance for global correlations were in broad agreement for all of the results discussed here.
Gene Ontology analysis. The Gene Ontology system organizes biological processes, biochemical functions and cellular compartments ('terms') on a directed graph that describes the relationships among these terms 10 . Each term on the Gene Ontology graph defines a subgraph, which consists of the term, its more specific subterms and the genes associated with those terms. For example, the subgraph for the term 'ion channel' includes genes associated with the 'potassium channel' and 'voltage-gated ion channel' terms. For each Gene Ontology term and its associated subgraph, we measured the contribution of associated ortholog pairs to the global Pearson correlation by the partial summation of the Pearson correlation r J = Σ i ∈ J (x i -µ x )(y i -µ y ) / nσ x σ y , (where J is the set of ortholog pairs associated with the Gene Ontology category), using the global mean and variance from the entire gene induction profiles. The distribution of r J is well approximated by a normal distribution with zero mean and standard deviation n J 1/2 /n, where n J is the number of ortholog pairs in J. We assessed the significance of r J using the z test with z = r J / (n J 1/2 /n). We analyzed only those subgraphs with expression data for a useful number (10-100) of gene pairs; there were about 250 such subgraphs for C. elegans-D. melanogaster comparisons, depending on the particular experiments compared. Figure 2b and Supplementary Figures 1-5 online directly represent the results of this analysis for different microarray data sets, showing expression data for the ortholog pairs in those Gene Ontology categories that had significant z scores.
Statistical controls for Gene Ontology analysis.
To bootstrap the false positive rate for these multiple, nonindependent hypothesis tests, we repeatedly shuffled the expression data and redid the analysis 10,000 times. Applying a test statistic cutoff of 3.0 in a two-sided test, the estimated false positive rate (average number of Gene Ontology categories with |z| > 3.0) from the randomized data was 0.73 ± 0.62, consistent with the false positive rate of 0.65 expected for the z test. To assess whether conserved gene regulation was significantly concentrated into Gene Ontology categories, rather than being randomly distributed across the genome, we carried out the following additional control. Starting with the correlated experimental data sets, we randomized the assignment of paired measurements to ortholog pairs and then redid the Gene Ontology analysis. The false-positive rate (average number of Gene Ontology categories with |z| > 3.0) was 1.40 ± 0.91. By contrast, the actual data sets had 14 significant Gene Ontology categories, a result that was not obtained in 10,000 simulations. Analogous results were obtained for the data in Supplementary Figures 1-5 online.
Databases of microarray data. We downloaded all publicly available C. elegans, S. cerevisiae and H. sapiens microarray data from the Stanford Microarray Database 15 . We used the pixel regression correlation (cutoff = 0.6) to filter individual gene measurements and then obtained the log-ratio-of-medians for each probe for each experiment. We used only those profiles for which the identity of the original experiment was provided; this gave us about 300 C. elegans, 650 S. cerevisiae and 2,250 H. sapiens gene expression profiles. For the C. elegans database, we added our own aging and heat stress experiments (another 40 profiles) and carefully subjected all profiles to cross-replicate averaging and crossreference differencing, as described above under microarray data processing. To search a database using a gene expression profile from one organism as a query, we ranked all the profiles in the database by their similarity to the query profile, using the similarity metric described above. In Table 2 , we present the three closest matches from each database search. Accession numbers. Microarray data sets have been deposited in the National Center for Biotechnology Information Gene Expression Omnibus 45 with the following accession numbers: GSE832, GSM12883, GSM12884, GSM12885, GSM12886, GSM12887, GSM12888, GSM12889; GSE826, GSE827, GSM12770, GSM12772 and GSM12773. Data for the heat stress experiments have the following accession numbers: GSE946, GSM15008, GSM15009, GSM 15010, GSM15011, GSM15012, GSM15013 and GSM15014. URL. Our website (http://worms.ucsf.edu/compare) allows users to analyze their own microarray data sets using the tools in this paper, dynamically explore the paper's database search results, identify significant Gene Ontology categories associated with each search result and browse the associated genes and measurements.
